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Abstract 


This study began on the preaise that it «as necessary to obtain 
a uniform basis of modelling six earth systems - lithosphere, hydro- 
sphere, atmosphere, geochemical sphere, biochemical sphere, and modem 
societal man - for rational management and policy making regarding 
earth resources. Modelling of rivers (as a component of the hydro- 
logical cycle) and of civilizations was begun. When It was recommend- 
ed that effort be concentrated on rivers, a model for the chemical 
(e.g. ground water) erosion and physical (e.g. bed load. Including 
sedimentation) erosion of the land was developed. The rudiments of 
the relation between a regulated sea level (for the past 2500 million 
years) and the episodic rise and erosion of continents was examined 
to obtain some notion of the process scalings. Major process scales 
of about 200 years, 100,000 years, 3 My, 40 My, 300 My were estimated. 
It was suggested that a program targeted ct ecological management 
would have to become familiar with processes at the first four scales 
(l.e. from glaciation to the horlzont>tl movement of continents). The 
study returns to the Initial premise. In order to understand and 
manage earth biology (life, and modern man). It Is necessary minimally 
to pursue systems' blogeology at a considerable number of process 
space and time scales via their Irreversible thermodynamic couplings. 
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Sedlnent«tion Kivitlt«d 


Erosion Data 


"The rate of erosion (of land) varies anoraously» but the global rate Is 
such that a mass equal to that of all the land above 200n Is transported every ' 
20 Billion years". (1). Elder continues, noting that the groas resK>val of 
Batter from the land la largely doalnated by two processes - cheBlcal and Be- 
chanical. We have touched on the *chealcal* eroalon by ground wetera. Now we 
%rlah to return to the Bechanlcal. He gives a rough estlBate of about 30 tons 
per kn^ per year for cheolcal reaoval, on a continental scale. Independent of 
altitude (l.e. as ground water erosion), and about 100 tons per kB^ per year 
for Bechanlcal reaoval, approximately linear with altitude. We would like to 
test the latter statement. 

If we tura to U.S.G.S. Water S ly Papers (2), we find suspended sedl- 
aent data on the following basin syacems 

Lower Mississippi Rivers Basins 

Western Gulf of Mexico Basins 

North Atlantic Slope Basins 

South Atlantic Slope Basins 

S. Atlantic and E. Gulf of Mexico Basins 

Ohio River Basin 

Cumberland and Tennessee River Basins 
St. Lawrence River Basin 

Since the lomr Mississippi River Basin data covers the largest single 
segment of drainage area, we will elaborate on its data. 

Lower Mississippi River Basin (at St. Louis, Mo.) 

Drainage area: 701,000 sq. cii. 

Suspended solids data (1948-1857): 

Maximum sediment mass rate (M) - 7,010,000 tons per day (5/5) 

Minimum sediment mass rate - 4,340 tons per day (2/3) 

total yearly sediment rate - 417,000,000 tons per year 

Yearly mean sediment rate - 1,140,000 tons per day 

Specific sediment removal rate (M/A) - 230 tons per km* per year 

Maximum discharge rate (Q) - 780,000 cfs (6/21) 

Minimum discharge rate - 42,000 cfs (2/3) 

Total yearly discharge - 96,600,000 cfs-days 

Yearly mean discharge rate - 265,000 cfs 

Maximum (mean) concentration (Ac) - 6,420 ppm (6/7) 

Minimum concentration - 38 ppm (2/2 - 2/3) 

Yearly mean concentration - 1,550 ppm 

Particle size (median percentage finer than indicated size): 


.002mm - 40% 

.062an - 812 

.004mm - 50% 

.125am - 882 

,008mm - 552 

.250mm - 972 

.016mm - 642 

.500am - 992 

.031mm - 752 
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The particle distribution is basically log noraal, (a aoraal distribution 
in the logarithm of particle also). It ia an interaating coaparlson to aaka 
with airborne particles. Size distribution of ash particles in the stratos- 
phere from eruptions of Mount St. Helen’s recently appeared in Science (3). 

The log normal character of that distribution is clearly represented. Of in- 
terest Is that the airborne particle range covers about 0.1-2ua (20 to 1), 
whereas the mter dynamics covers a range of about 0.1 to SOOvim (In this case 

5.000 to 1). 

We have Introduced the dynamics of a bed load saltation-type law of 
atmospheres for river flow, including a brief introduction to the process by 
which the river acquires its suspended solids 'bed load* ((4), particularly 
the 4th and final report). At this point we would simply say that for large 
continental masses, on which a wide range of river velocities appear (unfor- 
tunately these water quality papers do not include the detailed velocity data, 
some such data have to be acquired from other sources), one may expect large 
range competences to transport material of a broad spectrum of sizes. Thus 
the Elder notion of near constant erosion (rather a distribution range for 
near constant erosion) has considerable validity. 

More specifically, as these tabulated water quality data indicate, the 
transport expectation of rivers, which tend to exhibit velocities in the 
1 to 10 fps range, is to move bed (including suspended load) material in the 
range lum to fraction mm size by hydrodynamic field forces within the boundary 
layer, but including more complex transport of larger size gravel (e.g, 0.1- 
2.5 inch), cobbles (2.5-10 inch), boulders (10-160 inch). 

Additional discussion of these sediments movement issues may be found in 
(5). This reference indicates quite clearly the tendency of a large system 
(e.g. the Mississippi River) to tend to diminish the average size (and the 
maximum size) particles which are moved as one moves downstream in the larger 
system. The movement of sediment thus is not solely a direct transport toward 
the ocean margins, but a considerable redistribution of material and reforma- 
tion of river valley shape (resculpting) as part of the longer term erosion of 
a land mass. The landscape is resculpted as an early step in its removal. 

We have examined these Mississippi Basin data for some additional distri- 
bution characteristics. Thus, for example, on a logarithmic scale of discharge 
flow rates versus calendar time, we have counted the number of 'crossings' per 
discharge flow level. This has revealed that on a log scale we find two normal 
distributions, i.e. one for a low level sedimentation flux ranging from about 

3.000 tons per day to 300,000 tons per day for the period mid-October to mid- 
February (autumn - winter), and a high level sedimentation flux ranging from 
about 100,000 tons per day co 10,000,000 tons per day for the period mid-Febru- 
ary to mid-October (spring - summer). The related concentration range distri- 
butions are about 30-1,000 ppu, and 500-5,000 ppm. The much less fluctuating 
discharge rate is a modest 60,000-100,000 cfs winter range, and a 100,000- 

800.000 sprlng-sunmer range. 

In the following table we have abstracted the sedimentation data from (2) , 
concentrating on the sheaf of variables that may relate to the specific sedi- 
mentation rate. 


Sedimentation M and River Flow Q in U.S.A. Basins 





Pitchin 




Although those dots oro soloctod item only eno continent » tho North 
Aaorlesn, snd rolsto nootly to o to^iorototo ellMto, nod tlnis nsgloet dots 
froB tropicsl Isnd nossos snd Ics Inundstsd Isnd asssss, hopsfully thsy prs«* 
ssnt SOM of tho oxpsctsd rsngs of hssin srosion. 

Vs hove tsksn thsss dots snd sxsninsd tho spseifie srosion rots H/A 
sgsinst tho rsngs vsrlsblss of flow, Q ninlBUB, assn, snd asxlaua. Thors sp- 
poors to be no signlficsnt correlation. (A vlds rsngs in Q, s.g. ss asssursd 
by the aean to aoxlaua intsrvsl range in Q, or perhaps tvico that logarithaic 
Intsrval for the range alniaua to aax^aan, suggests that tlM rirsr has a vsl* 
ocity variation which is an apprsciabls fraction of the intsrval 1-10 fps). 

Over a discharge flow range of rivers of 1-10* cfs, with rivers whoso indi- 
vidual range is perhaps 1 to 4 decades wide, their specific srosion rats sssas 
to be independent ot either the discharge rats or the discharge range. 

We have therefore regarded the specific srosion rate to be represented by 
an almost 'independent* distribution function. Plotting the value H/A cuaula- 
tively over the experimentally observed range of 0.5 to 1,000 tons per year par 
km* (by decades) , we have found a log normal distribution whose SMan is about 
80 tons per year per km* with a standard deviation of about 0.8 decade (i.e. 

1.6 to 1, thus 50-130 is the central range for o%e standard deviation). The 
total range is about 12-400 tons per year per km*. Thus Elder's statement is 
quite essentially correct. 


Discussion 


Technical efforts to deal with the dynamics of erosion are to be found in 
(4,5) and references therein. We believe that the following discussion may 
touch on some salient ideas %*hlch would augment any such analytic issues. 

The existence of rainfall and its runoff on and under the earth's surface 
assures the creation of sedimentation deposits in the ocean margins and the 
erosion of continents at a geological time scale. However such rainfall also 
assures that there will be a near - continuum of processes by which that ero- 
sion takes place. It is the consequences of an Inexhorable trickling under 
gravity force in the presence of a spectrum of atomic species. 

Whereas in an earlier study, we had tentatively inferred that a dominant 
slow process for ground waters (one slow enough to fit geological time) was 
ion excitange, it seems clearer now that many more processes take place, begin- 
ning from a very slow solubilizing process which includes physical erosion for 
poorly soluble materials within the ground ((6), oecond report) and winding up 
as much more rapid mechanical abrasion by surface waters trhich self-generate 
(by its carving competence) a stream with abrasive competence in the 1-10 fps 
range. There is no doubt that other processes may augment the common range, 
e.g. surface winds, cracking by freezing, rheological properties of earth, but 
the 'standard' processess seem to be competent to produce nearly most of the 
common range of erosion. Thus Elder's i'l**'bal suanv'iry (or continental processes 
is fair - 100 tons per year per km^ for sMchanical sedimentation movement (our 
estimate from the U.S.A. 80 tons). 30 tons per year per km* for chemical 'solu- 
bility' movement. 
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Aoottls dcsirabla on the letter nuahert The epproxiaete run-off for 
river a ie roughly about 6 inehea of rainfall per year. Thia eorraaponda to 
a diachargc efflux of S.4 x 10* efy per ka*. If tie «ftre to elect an average 
clMBical concentration of 350 ppa* thia uould correapond to about 60 tona per 
year per ka*. Nitrate, for exaaple, vith a concentration of the order of 
1 ppB would contribute about 0.12 tona per year per ka*. Zf we adopt Living- 
atone*a aunaary (6,7) of about 120 ppn for the aaan eoapoaition of river watera 
of the %forld, ve would reduce the eatlaatc to 20 tona per year per ka*. Mo%r- 
ever if we actually take Llvingatonc'a rimoff data for each of the contlnenta, 
aa tabulated below, we find an average of about 34 tona per year per ka*. 

Thua Elder'a eatlaate la eaaentially preciae. 


I 



Continental Data on Cheaical Denudation 
Source: Livingatone (7) 


Continent 

Area 
10* ai* 

Runoff 
10* cfa 

Dissolved 

solida-ppm 

Specific Denud. 
tons/yr-ka* 

North Am. 

8,172 

5,100 

142 

33.7 

Europe 

4,211 

2,796 

182 

46.1 

Asia 

17,985 

12,431 

142 

37.4 

Africa 

11,500 

6,604 

121 

26.5 

Australia 

2,970 

354 

59 

26.8 

South Aa. 

7,551 

8,962 

69 

31.2 


34 oiean 


aa such 

Fron the point of view cf almple nonhiatorical proceaaes, thia ia/aa one 
might aay about river proceaaes. However auch a atatus would leave very weak 
connectivity to the remainder cf earth proceasea, particularly biological (or 
actually biochemical). Thus, although it is beyond tho acope that we have been 
asked to limit ourselves to, we night attenpt a few conjectures that night be 
relevant to earth resources studies, vdtether geological or biological. 

'Jlth an average thickness of continental crust of about 30kn (see third 
quarterly report ( 6 )), and with an average height of land above sea level of 
about Skn, land surfaces become featureless in about 10* years. Because of 
isostatic buoyancy, about 5.6)on has to be reiwved for each ka of continental 
height. As Elder shows, these 'facts' can be enconpassed by clenentary theory 
in the following way. The removal of 130 tona per ka* per year (taking an 
average of 7.8 ga/cm^) corresponds to an exponential tine constant of about 
1.2 X 10* years. However if we take into account the elastic rebour^ due to 
iaostacy the time constant would be about 6.8 x 10* years. 
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(HAp, the density buoyancy of a continental alab of total height H aupported 
by a sagM of density p, is equilibrated by the density buoyancy of the continent 
above sea level hp (its height is h) sod by the buoyracy of the continental seg- 
aent under the ocean d(p-^) (d is the ocean depth). Asatoiing the ocean depth to 
be constant* and the erosion rate to be proportional to the height h of continent 
above sea level 


dt 


h 

T 




A it 
^ dt 


These two relations permit Baking the estimates.) | 

These numbers provide some notion of the global tiae-scale of sedinent pro- | 

duction relevant to erosion and to a consequent change in buoyancy. But, as 
Elder and WOod (see (6)) point out* there are more rapid areal rearrangesants I 9 

of the crust as a whole (plate tectonics) ifhich prevent the embarrassing excess m 

of sediment and accounts for the more nearly constant depth of the ocean. I 

This highlights the significance of the Exxon sea level data (6) in which | 

one finds relatively rapid million year changes in level of a few hundred meters I 

in sea level for the past 7 million years. Thus small plate adjustments at some ’■ 

such more rapid process (more rapid than 10^ years) is a more dominant process 1 

than slow land erosion. 

In more detail, in (6) we Identified a number of adjustment processes; 
i.e. a 200-400 year sdlustment of glaclo-isostatic origin, the one (changing to 
3-4) million year process or processes which may be associated with plate rolling 
(or subductlon) or thrust faulting, or to midocean ridge spreading all due to 

sediment weight, and then there may be the longer horizontal plate movements at | 

the 30-40 million year scaling. J 

i I 

Do one or more of these scales interact with the biological scales? We | 

would surmise that the answer is yes, but that the issues are not significantly 
decided in the rivers. | 

We would surmise, possibly differing from the thrust given to the theme of 
ocean biochemistry in our second quarterly report (6) that the interaction of 
sedimentation and water has to be treated as a systems' process, wherein its 
long term scalings have to be uncovered. We sense that there are three systems' 
scalings that have to be treated - one for the deep ocean system, one for contin- 
ental margins, and one for the run-off system on the land. As far as the run-off 
system on land is concerned, we do not believe that there is a great deal of pro- 
cess dynamics besides that associated with the high frequency biological oxygen 
demand and the fitting of species niches, and the much slower process of species 
adaption. More interesting global biochemistry is associated with the other two \ 

regions (except for global catastrophes, of wiping out biological species by ex- * 

traterrestrial collisions, as recent theorizing has brought to the fore). j 


Thus we sense, once sgsln, that a narrow focus on the hydrological cycle 
on the land aasses is not sufficient to uncover all of the iaportant and in- 
teresting earth processes. Instead once again, it suggests the need to couple 
the six interacting system we initially proposed and started to develop. The 
added factor that we have learned and highlighted in this progran is a sharper 
idea of the pertinent tine scales. 

Thus, for example, in exaaining the reconnendatlons put forth in (8), we 
can agree with their Recosnendation 7 that "theory includ[ing^ extensive quanti- 
tative Bodelllng of the global cycles of the earth’s najor elesMnts" is desir- 
able for a useful theory of global ecology, but we cannot agree with Recosnenda- 
tlon 12 trhich «>ould restrict the response to najor events of the Pleistocene 
(glacial) record. 

Pleistocene 

Such restriction would concentrate on an inordinate amount of /record detail- 
ing and still miss the major factors influencing cyclic factors important to 
biology. Such a scale has to extend to the epoch relevant to current continen- 
tal formation, e.g. the 30-40 million year process cycles. 

Economic geologists who are really also concerned with blogeological pro- 
cesses of even longer scales may feel excluded from such a range of concerns, 
but that simply neglects a longer scale story on the more fundamental relation 
between phylogenetic processes and geological processes. 

The biochemistry on earth (as a physical process) must basically be founded 
on evolutionary biology. Interacting with historical geological processes. This 
provides, as we have suggested, a number of the relevant time scales for a blo- 
geologically oriented ecological study. 
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